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A  STUDY  OF  AD30RPTI0II  ?Hj:II0I:j]1JA  III  THj)  VICIIIITY  0? 
TKli   CRITICAL  TZ^.Ti^RATURE 

The  investigations  to  be  described  are  a  continuation  of 
tlie  studies  which  have  been  made  in  recent  years  by  JOr.  V7.  A. 
Patricl:  and  his  students  upon  the  adsorption  oi'  gases  and  vapors 
by  silica  gel.   Anderson-^,  worhing  in  Zsignondy's  laboratory, 
and  Van  Bennielen'^  at  an  earlier  date,  contribu.ted  valuable  in- 
formation regarding  the  adsorption  by  the  gel  fron  solutions, 
and  Patrick  ,  while  a  student  at  Croettingen,  v/as  the  pioneer 
worker  in  the  field  of  gaseoixs  adsorption.   Under  his  g^iid- 
ance  this  v/ork  has  been  resu].:ed  in  this  laboratory,  and  the 
adsorptive  powers  of  the  gel  have  been  studied  by  I.IcGavack^ 
v/ith  sulphur  dioxide,  by  Davidheiser^  with  ammonia,  by  Long 
with  butane;  and  hj   Opdycke'''  with  the  vapors  of  alcohol,  ben- 
zene, carbon  tetrachloride  and  water,  using  a  dynamic  method 
as  contrasted  with  the  static  method  of  the  other  workers. 
The  rigorous  study  of  the  adsorption  of  these  substances  with 
improved  methods  and  increased  accuracy  has  thrown  m.uch  light 
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on  the  field,  disproving  nany  oi  the  older  ideas  upon  the  sub- 
ject, and  answering  questions  liitherto  puzzling. 

The  strong  adsorption  of  the  acidic  gas,  sulphur  dioside, 
tl:e  basic  amnonia,  and  the  neutral  butane  by  tlie  chenically 
inert  silica  gel  seems  to  disprove  any  specific  chemical  re- 
action in  this  adsorption  process.   That  the  presence  of  mois- 
ture in  the  gel  plays  an  important  and  often  a  troublesome 
part  v;as  shovm  by  Davidheiser-'-,  v/ho,  iising  the  extremely  solu- 
ble gas  ammonia,  found  that  the  volume  adsorbed  at  0°C.  by  one 
gram  of  gel  at  a  pressure  of  one  cm.  of  mercury  decreased  from 
82.40  cc.  to  28.76  cc.  v/hen  the  water  content  of  the  gel  v/as 
reduced  from  4.88',o  to  0.33}j.   Thus  driving  off  the  water  from 
the  gel  decreases  its  adsorptive  powers,  due  to  lessening  the 
amount  of  gas  actually  dissolved  in  tjie  water,  or  to  altera- 
tions in  the  gel  strn.cture  as  a  result  of  the  drying,  or  to 
both.   .7ith  30g  and  ITII3,  after  correcting  for  the  amounts  ac- 
tually dissolved  in  the  water,  there  remained  considerable  vol- 
umes of  the  gases  truly  adsorbed  and  readily  comparable,  and 
Long^,  using  the  insoluble  butane,  proved  conclusively  that  the 
structure  of  the  gel  is  not  destroyed  by  drying,  even  tho  the 
pore  size,  shape  and  distribution  may  undergo  change.   The  fol- 
lo'.ving  table  tahen  from  his  data  illustrates  the  effect  of 


1.  Davidheiser  o:   Patricl:  -  ..oc.  Git. 

2.  J.  o.  Loni?  -  Log.  cit. 
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varying  tj:e  water  content  upon  tae  adsorptive  powers  ol'  the 
gel.  The  values  of  X/LI  Rive  the  nujnher  of  cc.  of  gas  talcen 
up  by  one  gran  of  the  gel  at  30°C.  and  600  rni.-i.  pressure. 

io   of  H2O  in  the  Gel  Z/M 

0.03  40.5 

0.77  41. £ 

1.96  43.0 

3.57  41.0 

3.77  40.0 

Long  points  out  that,  of  the  gels  he  used,  the  sample 
containing  1.965^^  of  HgO  seems  to  possess  the  maximujn  activity 
and  capacity;  that  increasing  the  water  content  brings  about 
both  a  decrease  in  activity  and  in  capacity  of  the  gel,  while 
a  decrease  in  water  content  to  C. 77%  apparently  affects  only 
tiie  capacity.   Anhydrous  gel  shov/s  a  slight  decrease  in  both 
properties,  but  in  eae4^  case  t]ie  change  is  so  snail  as  to  in- 
dicate only  minor  structural  changes,  and  not  complete  de- 
struction as  was  formerly  thought. 

That  the  adsorption  is  strictly  reversible  was  proven  by 
lIcGavacIc  ,  who  showed  that  the  hysteresis  noted  bj*  earlier 
worhers  was  fallacious;  that  identical  results  can  be  obtained 

1.  LIcGavach  &  Patricl:-  Log.  cit. 


upon  rilling  and  emptying  the  pores  provided  the  gel  has  "been 
previously  completely  freed  from  adsorbed  air  and  other  per- 
manent gases.   Tailxire  to  v/orl:  with  air-free  gel,  varying  the 
water  content,  and  the  use  of  non-homogeneotis  gel  samples  prob- 
ably account  for  many  previously  noted  anomalies  in  the  behav- 
ior of  the  gel. 

The  experimental  results  are  satisfactorily  related  by 
Preundlich's  well-I:nown  adsorption  equation: 

X/I.I  =  ex  ?^ 

but  this  expression  fails  to  enable  us  to  predict  what  the 
adsorption  at  one  temperatiu-e  vri.ll  be,  if  v/e  know  t}ie  adsorp- 
tion at  some  other  temperature.   Considering  the  role  of  the 
adsorbent  to  be  merely  that  of  an  inert  porous  body,  the 
formula 

V  -  iKrV^o)""" 

has  been  shown  to  interpret  the  facts  excellently  in  every  case. 
V  represents  the  volume  in  liquid  form,  of  the  gas  adsorbed,  P 
the  equilibrium  pressure,  P^  the  vapor  pressure  and  r    the  sur- 
face tension  of  the  liquid  at  the  given  temperature,  and  II  and 
l/n  are  constants  dependent  only  on  tiie  physical  structure  of 
the  adsorbent.   The  process  of  adsorption  is  then  envisioned 
as  a  condensation  of  the  gas  in  the  fine  pores  of  the  adsorbent, 


tjiis  condensation  bein^;  broiijht  about  by  the  capillary  forces 
v;hich  become  active  when  the  radius  of  the  pore  becomes  suf- 
ficiently small.   ,7ith  different  porous  adsorbents,  or  -.vith 
different  sam.ples  of  tjie  same  adsorbent,  there  may  thus  be 
different  adsorptive  pov/ers,  due  to  dissimilarity  in  the  size, 
shape,  distribution,  internal  area  and  volume  of  the  pores,  re- 
sulting perhaps  from  differences  in  methods  of  preparation, 
drying,  heating,  etc.  ;  but  witli  any  given  sample,  of  fixed  con- 
stitution and  structure,  the  work  indicates  that  the  same  vol- 
ume of  the  condensed  phase  is  tahen  up,  regardless  of  the  gas 
used,  provided  the  equilibri-un  pressure  be  such  tliat  the  quan- 
tity ?V^o  have  the  same  value,  i.e.  at  "corresponding  pres- 
sures".  Trom  the  measurements  of  one  adsorption  isotherm  and 
v/ith  a  laiowledge  of  such  physical  constants  as  surface  tension, 
density  and  vapor  pressure  of  the  condensed  gas,  the  values  of 
Z   and  l/n  may  be  readily  deter.r.ined.   Furtherr.iore,  inasmuch  as 
these  two  constants  are  related  only  to  the  striicture  of  the 
adsorbent,  7/ith  a  given  adsorbent  and  a  Imowledge  of  Z   and  l/n 
we  are  in  position  to  calculate  the  e:-:tent  of  the  adsorption 
at  any  pressure  and  temperature.   In  otiier  v/ords  the  available 
internal  volume  of  trie  gel,  the  pore-space  capable  of  being 
filled  by  capillary  action,  is  a  quantity  related  to  the  gas 
Adsorbed  only  in  so  far  as  the  ease  of  the  condensation  of  the 
latter  determines  which  Darts  of  the  t)ores  become  filled,  i.e. 
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which  parts  have  a  radius  s\iificiently  small  to  enable  the 
capillary  forces  to  cause  condensation. 

The  atove  statements  mvist  "be  qnalified  to  some  extent  on 
acecuiit  o'f  certain  factors,  the  operation  of  wliicli  may  he 
qualitatively  understood,  h;it  wliich  have  not  yet  heen  reduced 
to  a  quantitative  oasis.   A  qualitative  viev;  of  these  effects 
nay  he  obtained  from  consideration  of  a  very  simple  case. 


<n 


"P. 


F-^g  A 


F.a  B 


Suppose  t\70  capillaries,  1  and  2  in  Fig.  A,  having  the  same 
diameter,  he  immersed  in  tv/o  hypothetical  liquids  which  have 
the  same  density  and  vapor  pressure,  D  and  P,  but  let  the 
surface  tension  <n    ,  he  greater  than  <71  .   Then  tiie  liquid 
y;ill  rise  to  a  higher  level  in  capillary  1  than  in  capillary 
2,  and  since  the  vapor  pressure  at  the  plane  sixrface  of  each 
liquid  in  the  reservoir  is  tiie  same,  it  follows  that  tjie  pres- 
sui'e  P-,  in  capillary  1  is  less  than  Pg  in  capillary  2.   Then 


if  tjie  Y/hole  system  "be  inclosed  in   a  container  and  the  pres- 
sure of  the  system  Ise  gradually  increased,  it  is  evident  that 
condensation  of  the  liguid  in  capillary  1  will  commence  "before 
a  sufficiently  high  pressiire  is  reached  in  capillary  2  to 
cause  any  condensation.   In  other  words,  the  capillary  forces 
are  more  effective  in  causing  condensation  in  the  case  of  lic[uids 
of  high  than  of  low  surface  tension. 

The  same  idea  can  "be  applied  to  condensation  in  tiie  pores 
of  the  gel,  which  we  represent  in  ?ig.  B  as  being  conical.  Let 
r  "be  the  radius  of  the  pore  at  the  position  of  the  meniscus 
when  the  pore  is  partially  filled  with  the  condensed  phase. 
Suppose  1  and  2  represent  pores  filled  with  the  same  two  liquids 
as  ahove,  each,  of  coiirse,  oeing  assiLmed  to  v/et  the  walls,  and 
therefore  to  give  a  r.'.eniscus  concave  upwards.   In  each  case, 
then,  tiie  siirface,  whicli  tends  to  contract,  will  exert  an  up- 
ward pull  on  the  liquid  helow,  tending  to  draw  it  up  and  dilate 
it.   flach  liquid  will  therefore  tend  to  eaq^and  and  'bocome  less 
dense,  hut  since  (H    is  greater  than  <?!.  ,  t/ie  tendency  in  pore 
1  v;ill  he  nore  marked  than  in  pore  2,  and  as  a  result,  for  a 
given  mass  of  liquid,  tiie  volume  occupied  in  pore  1  will  he 
greater  than  that  in  pore  2,  and  the  radius  of  the  pore  at  the 
meniscus  in  1  will  "be  lar.rer  than  that  at  the  m.eniscus  in  2. 
oo  the  raditis  of  capillary  activity  is  larger  in  case  1  than 
in  case  2,  leading  again  to  tiie  same  conclusion  as  above,  that 
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t]ie  capillary  effects  are  more  marlied  in  tiie  case  of  liquids 
of  high  surface  tension,  and  that  the  liquid  in  a  pore  is 
less  dense  the  higher  the  surface  tension. 

These  facts,  the  mathenatical  formulation  from  a  t}ieo- 
retical  standpoint  heing  unhnovm,  undoubtedly  explain  some  of 
the  difficulty  encountered  when  we  try  to  apply  values  of  IC 
and  l/n  obtained  from  data  on  one  gas  to  tiie  adsorption  of  a 
different  gas.   Another  disturbing  feature  v/as  pointed  o^^t 
by  LcGavacl:  to  be  the  variation  in  compressibility  of  the 
liquid  as  the  temperatiire  rises.   In  general,  the  higher  the 
surface  tension  of  a  liquid,  t.ie  lower  will  be  its  compressi- 
bility.  3o  with  different  liquids,  having  different  values 
of  <^    ,,we  expect  different  compressibilities;  also  with  the 
sane  liquid,  the  higher  the  temperature,  the  more  compressi- 
ble it  becomes,   oince  the  vapor  pressure  of  a  liquid  in  a 
capillai-y  is  lowered,  and  sine  there  is.  the  dilation  effect 
mentioned  above,  it  is  evident  that  this  variation  is  compres- 
sibility will  have  an  effect  v?^Qn   the  value  of  V  in  the  eqiia- 
tion  V  -   IC(P'^/Pq)   ,  ana  in  lieu  of  any  more  exact  m.ethod 
of  evaluating  tn.is  effect,  it  must  be  included  in  the  constants 
Z  and  i/n.   This  is  offered  as  a  partial  explanation  of  the 
difference  in  the  values  of  the  constants  obtained  in  the 
v;ork  on  sulphur  dioxide,  ammonia,  butane  and  in  the  present 
work  on  carbon  dioxide,  altho  of  probably  much  greater  im- 
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portance  is  the  variation  in  the  gel  samples  used.   '.Then 
these  errors  are  corrected,  it  is  "believed  that  tiie  ahove 
formula  v/ill  enahle  accurate  predictions  to  he  made  ox  the 
amounts  of  any  gas   to  be  tahen  up  oy  a  uniform  sample  of  the 
gel,  provided  the  pliysical  constants  of  the  [^as  are  hnovm. 
The  acctiracy  with  which  the  formula  is  applicable  to  all  of 
the  worl:  so  f^ar  done  seems  to  justify  th^is  belief. 

This,  in  brief,  is  the  capillary  theory  of  adsorption  by 
silica  gel  and  other  inert  porous  adsorbents  as  developed  in 
this  laboratory  up  to  the  present  time,   oince  this  view  in- 
volves condensation  of  a  gas  to  t]ie  liquid  phase,  it  becomes 
of  interest  to  study  the  case  of  adsorption  in  the  neighbor- 
hood of  temperatures  at  v/::ich,  imder  oridnary  conditions,  no 
condensation  could  occur,  namely  near  the  critical  temperature. 
Inasmuch  as  adsorption  does  oCcur  even  above  the  critical  tem- 
perature, it  is  obvious  tliat  the  ca'nillary  theory  of  adsorp- 
tion must  undergo  modification  in  order  to  accoimt  for  such 
results.  3j   tliis  statement  we  do  not  mean  to  imply  that  all 
cases  of  adsorption  are  due  to  capillary  forces,  but  rather 
that  it  is  possible  to  eictend  the  temperature  range  of  capil- 
lary adsorption  above  the  critical  temperature  in  certain  cases 
Tne   pui'pose  of  the  following  investigation  ij,  therefore,  to 
modify  the  present  theory  of  capillary  adsorption  so  as  to  ex- 
tend its  range  above  the  critical  temperature. 
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Ox  the  gases  previously  studied,  sulnhiir  dio:-:ide  has  a 
critical  tenperature  oi"  157.2'^C.,  ammonia  oi  132.5°  and  butane 
of  155.2°,  all  temperatiu-es  so  hij;]!  as  to  render  difficult  a 
study  of  adsorption  in  their  vicinity.   Carbon  dio:-:ide,  hov;- 
ever,  with  a  critical  temperature  of  51.1°,  easy  of  prepara- 
tion, stable,  not  acting  on  mercury,  not  excessively  soluble 
in  v/ater,  and  vath  physical  constants  well  worhed  out,  seemed 
ideal  for  the  study  anc  was,  therefore,  chosen. 
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IIATERIAIS  USIilD. 

Great  care  was  exercised  to  o'btain  samples  of  rrel   as  pure 
and  miiforrn  as  possible.   Jodiiorn  silicate  iron  Muth  Bros.  & 
Co.  was  mixed  with  G.P.  hydrochloric  acid  iron  the  J.  T.  Baker 
Chenical  Co.  according  to  the  raethod  descriljed  in  detail  "bj 
Long-'-.   The  sol  set  to  a  gel  within  a  few  hours  and  in  the  gel 
form  was  washed  continuoiisl,!'  for  seventeen  days,  using  running 
tap  water.   ITo  trace  of  electrolyte  could  he  found  in  the  wash- 
water  at  the  end  of  this  tine  -   or  for  many  days  "before  the 
washing  was  discontinued.   The  thoroly  washed  gel  v/as  air-dried 
on  a  frame  for  eleven  days,  and  then  refluxed  with  aqiia  regia 
for  fifteen  hours.   It  was  then  v/ash.ed  hy  decantation  with  dis- 
tilled water  for  ten  days,  changing  the  v/ater  three  tines  a 
day,  the  water  appearing  pure  when  tested  again  for  tjie  chloride 
ion.   After  drying  in  air,  it  was  subjected  to  drying  in  an 
electric  furnace  in  a  current  of  air  dried  by  Pg^S,  the  temper- 
ature being  raised  bvit  slowly.   After  thirty-five  hours  at  a 
maximum  temperature  of  400  C,  the  gel  was  ground  in  a  mortar 
and  only  tiiat  portion  used  wliich  passed  thru  a  #10  mesh  sieve 
and  not  thru  a  #30  mesh.   It  v/as  then  reheated  for  tv;elve  hours 
at  550  ,  after  wjiich  tine  duplicate  analyses  showed  a  water 
content  of  5*63fo   and  5.64^a.   The  sample  of  this  v/ator  content 
was  designated  Gel  A-]_.   Gel  Ap^  was  heated  for  two  v;eel:s  longer 
at  a  temperatiire  of  700°  to  750°  ,  and  subsequent  analysis, 

1.   Loo.  cit. 
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after  treatment  in  the  adsorption  apparatiis,  sliowed  a  niich. 
lov/er  water  content.  -ai   analysis  oi'  Oel  Aj  was  also  made 
for  acid  content  by  heating  the  gel  in  a  hard  glass  tube 
over  Bimson  burners  to  the  softening  point  of  the  glass, 
while  dra'.ving  over  tJie  gel  a  slow  current  of  air,  y/hich  was 
then  bubbled  tliru  two  wash-bottles  containing  standardised 
IlaOH,   Titration  then  showed  that  no  acid  had  been  driven  off, 
and  the  gel  was  therefore  considered  acid-free. 

The  OOg  was  generated  as  needed  in  a  Hipp  generator  which 
v;as  rendered  as  nearly  air-free  as  possible.   The  marble  used 
was  completely  covered  with  water  and  boiled  for  one  hour, 
then  rapidly  introduced  into  the  generator  and  the  latter  fill- 
ed with  a  solution  of  one  part  C.P.  HCl  and  two  parts  of  dis- 
tilled v/ater.   A  s:nall  amount  of  cupric  chloride  was  added  to 
prevent  tlie  evolution  of  KgS  from  any  pj'-rite  in  the  marble. 
The  gas  generated  was  then  passed  thru  water  to  remove  acid 
fumes,  thru  a  mercury  trap,  and  then  tlirti  drying  tubes  of 
CaClg  and  P2O5  . 

All  mercury  used  was  purified  by  filtering  thru  silk, 
washing  with  870  HIIO3,  then  with  distilled  water  and  drying 
for  three  hours  at  120°. 
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ISTHOD  0?  PHOCIfDUFJ 


Tills  has  "been  rather  fully  descrilied  "by  the  previous 
v/orkers  in  tJie  i'ield.   The  voliune  of  gas  was  measured  to  with- 
in 0.01  cc,  pressure  to  within  0.03  nr.i. ,  and  the  temperature 
of  th3  bath  v/as  kept  constant  to  v/ithin  0.05°.    I^vacuation 
was  effected  ty   moans  of  a  Cenco  Kyvac  pump,  fiivin:^  C.OOl  mm. 
pressure,  connected  in  series  with  a  Gaede  mercury  pump  which 
gave  0.00001  ram.,  this  pressure  Taeing  too  small  to  register 
on  the  Ilaclieod  Gauge  iised.   Before  a  run  was  started  the  gel 
v/as  weighed  out  carefully  into  tlie  adsorption  "bulb  and  this 
was  attached  "by  means  of  a  mercury  sealed  ground-:Tlass  joint 
to  tlie  completely  evacuated  apparatus.   The  pumps  v/ere  started 
and  the  stopcoch  turned  wiiich  opened  tjie  adsorption  bul"b  to 
tr.e  system.   An  electric  furnace  was  then  fitted  around  the 
adsorption  "bul"b,  and  dva-ing  the  course  of  thirteen  miniites  the 
temperature  was  raised  to  315°,  and  v/as  maintained  betv/een 
315°  and  320°  for  two  and  one  half  hours  in  order  to  remove 
all  traces  of  adsorbed  gas  from  the  gel.   Evacuation  v/as  al- 
ways continued  uiitil  the  I'acLeod  Gauge  registered  no  pressure. 
During  the  early  part  of  tjie  worh,  in  order  not  to  alter  the 
water  content  of  the  ?rel,  great  care  was  exercised  to  dupli- 
cate exactly  t'le  conditions  of  this  heating  ancl  evacuation 
preliminary  to  making  a  run,  but  later  it  was  found  that  this 
was  not  essential,  both  in  viev/  of  the  limited  solubility  of 
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COg  in  the  extremely  small  amount  of  v/ator  present,  and  be- 
cause a  temperature  of  only  320°  would  have  a  negligible 
effect  on  any  water  that  had  remained  in  the  gel  after  heat- 
ing to  700°  to  750°  for  two  y/ee>s.   Hov/ever,  the  temperatxire 
regulation  was  adhered  to  as  strictly  as  possible,  altho  the 
duration  of  the  evacuation  v/as  not  alwaj^s  the  same  in  the 
later  runs. 
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A  numlDer  of  preliminary  rims  v/ore  raade  at  30°  both  v/ith 
Gel  A]_and  with  Gel  ilg  v/it/iout  success.   Jnooth  adsorption 
curves  were  obtained,  hut  the  curves  did  not  coincide,  altno 
all  lay  very  close  together.   The  sr.ootliness  of  t:ae  curves, 
their  regnJLarity  and  similarity  seemed  to  indicate  that  the 
experimental  teclinique  was  not  at  fault,  and  that  the  fail- 
ure to  Chech  was  due  to  non-uniformity  of  the  gel  samples 
used,  despite  the  uiaiformity  of  the  treatm.ent  to  v;hich  they 
had  all  been  subjected.   A  close  examination  of  Gel  Ag  bore 
out  this  viev/.   Host  of  the  gel  particles  appeared  perfect- 
ly clear,  liho  glass,  but  an  occasional  particle  could  be 
seen  v/hich  was  opaque,  like  china.   This  miglit  well  be  ex- 
plained when  7/e  consider  the  drying  of  the  gel  in  the  elec- 
tric furnace,  where  the  gel  was  contained  in  a  oiiartz  tube 
of  nearly  one  inch  diameter.   Under  a  o^iixTent   of  air  it  is 
readily  conceivable  that  the  temperature  of  the  gel  near  one 
end  might  not  be  the  same  as  that  at  the  center  where  the 
thermocouple  junction  was  placed,  or  near  the  otiier  end;  and 
also,  the  gel  alon~:  the  cent^  axis  would  not  be  so  hot  as 
t2iat  actually  touching  the  heated  walls  of  the  quarts  tube. 
This  latter  condition  v;e  tahe  to  be  the  chief  cause  of  the 
non-homogeneity  of  the  gel  samples,  the  actual  cell  struc- 
ture of  the  gel  particles  in  contact  witii  the  quartz  tube 
having  probably  been  altered,  and  the  opaque  appearance  re- 
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sultinf:,  since  very   high  heat  always  produces  this  effect. 

xO  avoid  this  tbir^uble  it  was  decided  to  use  the  same 
sample  thruoiit  tlie  investigation,  rather  than  tb  cjiange  it  for 
each  run.   In  this  v/ay  we  imow  that  we  have  an  absolutely  def- 
inite adsorbent,  and  so  avoid  tiie  uncertainty  which  often  be- 
clouds adsorption  experiments.   The  preliminary  treatment  of 
the  sample  was  always  the  same  as  that  described  above  for  the 
removal  of  adsorbed  air,  the  only  difference  being  that  v/e  were 
now  driving  off  adsorbed  COg.   After  the  adoption  of  tiiis  method 
no  difficulty  was  experienced  in  mailing  almost  perfect  dupli- 
cate runs,  tjiO  points  obtained  in  two  different  rujis  at  the 
same  temperature  lying  on  a  single  smooth  curve  with  only  very 
few  and  negligible  deviations. 

The  e:cperimental  resiilts  of  tiie  adsorption  experim.ents  at 
0°,  2C°,  30°  and  40°  are  given  in  Table  I.   The  value  of  the 
water  content  of  the  gel  (1.28,-j)  is  that  which  actually  existed 
after  the  heating  and  evacuating  in  the  adsorption  bulb,  so 
that  any  loss  of  water  by  this  treatment  was  talien  care  of. 
It  is  extremely  doubtful  that  there  was  any  appreciable  loss 
or  any  structural  change  in  the  gel,  as  the  tem.perature  of  the 
bulb  containing  the  gel  v/as  never  raised  above  320°,  v/hile  the 
gel  had  been  heated  to  700°  to  750°  in  a  current  of  dry  air 
for  two  weeks  in  process  of  preparation.   It  is  ujilihely,  there- 
fore, that  the  low  temperature  v/ould  drive  off  water  or  cause 
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changes  in  structure  upon  which  tlie  high  te'.nperature  had  had 
no  eii'ect.   The  analysis  v/as  carried  out  'by   noting  the  loss 
in  weight  ox  the  sample  after  hlasting  in  a  platinum  crucihle. 
This  water  content  Ox  1.28fo   is  so  saall  that  v;e  nay  neglect 
entirely  the  solution  of  the  gas  in  the  water,   oince  the 
sample  used  in  most  of  the  runs  v/eighed  1.C526  g.  it  contain- 
ed 0.01S5  g.  of  water.   At  20°  this  would  dissolve  .012  cc. 
of  GOg,  wliich  is  hardly  ahove  tJie  limit  of  accuracy  with  which 
the  volujnes  could  he  read  from  the  calibration  curve  of  the 
burette.   3ven  this  snail  amount  would  he  lessened,  &v.q   to  the 
fact  that  atmospheric  pressure  was  never  readied  in  the  bulh. 
Evidently  any  volume  change  due  to  the  loss  of  water  by  heat- 
ing in  the  adsorption  hulh  would  therefore  be  infinitely  small. 
In  tlie  following  table, 

Vq  =  total  number  of  cc.  of  gas  introduced,  reduced 

to  standard  conditions. 
Y-^   =  number  of  cc.  remaining  after  the  adsorption 

was  completed,  similarly  corrected. 
X  =  number  of  cc.  adsorbed  (X  =  Vq  -  Y-^) 
X/l.I  =  nujnber  of  cc.  adsorbed  per  gram  of  gel 

?  =  the  equilibrium  pressure  of  the  system,  ex- 
pressed in  mxi.  of  mercury  corrected  to  0°. 
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TABI3  I 

Tenp.    0°;    Oel   Ag;    .Vt.    of   sanple,    1.138C   g.  ;    HgO  content,    l.SS^^o 


v^  Y-^  X  z/i:  P  log  Z/ll  log  ? 


0.52706  2.26033 

0.59744  2.45506 

0.81543  2.58793 

0.90859  2.70469 

0.99732  S. 80619 


8.44 

4.61 

3.83 

3.37 

182.11 

12.89 

7.22 

5.67 

4.98 

265.14 

17.24 

9.80 

7.44 

6.54 

387.19 

22.05 

12.83 

9.22 

8.10 

506.53 

27.52 

16.21 

11.31 

9.44 

640 . 01 

Run  II 0 

.  12 

Temp . 

0°;  Gel 

A9;  '.'/t.  of  sample, 

1.1380  i 

-. ;  HgO  content,  l,28'^o 

^0 

^1 

Z 

X/M 

P 

log  X/II 

log  ? 

3.42 

1.77 

1.65 

1.45 

68.82 

0.16134 

1.84398 

G.97 

3.60 

3.17 

2.79 

149.88 

0.44492 

2.17574 

11.81 

6.58 

5.23 

4.60 

259.78 

0.66236 

2.41461 

17.90 

10.22 

7.58 

6.75 

403.60 

0.82922 

2.60595 

23.84 

13.95 

9.89 

8.59 

550.69 

0.93906 

2.74091 

£6.49 

15.57 

10.92 

9.60 

514-84 

0.98208 

2.78876 
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Temp.    20°;    Gel   Ag;    'n.    of   sample,    1.1S80   ^.;    HpO   content,    1.28^^ 


X/1.1  P  I05  X/LI  log 


2.27  1.56  .71  0.62  61.20  1.79512  1.78752 

5.94  4.15  1.79  1.57  162.81  C. 19671  2.21168 

10.65  7.57  3.06  2.69  297.52  0.42958  2.47522 

16.05  11.65  4.42  3.88  456.64  0.58928  2.65958 

21.68  15.90  5.78  5.08  624.23  0.70579  2.79554 


Rim  IIo.    14 


Tenp. 

20°;    Gel 

Ag;    V/t. 

01    sample 

,    1.1380 

-.  ;   HoO  go: 

itent,    1.28^ 

^0 

Vi_ 

X 

xAi 

P 

log  X/lI 

log  ? 

3.60 

2.55 

1.05 

.92 

100.24 

1.96505 

2.00104 

8.59 

6.12 

2.47 

2.17 

240.23 

0.33656 

2.38062 

14.77 

10.65 

4.12 

3.62 

418.28 

0.55876 

2.62147 

19.87 

14.45 

5.42 

4.76 

567.44 

0.67786 

2.75592 

22.88 

16.78 

6.10 

5.36 

658.91 

0.72919 

2.81883 
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^0 

\ 

- 

X/LI 

P 

log  X/U 

10-  ? 

2.30 

1,70 

0.60 

0.57 

69.32 

1.75588 

1.04086 

G.64 

5.12 

1.52 

1.44 

208.36 

0.15957 

2.31082 

11.15 

0.72 

2.43 

2.31 

354.66 

0.36334 

2.54901 

16.  55 

12.91 

3.44 

3.27 

525.13 

0.51429 

2.72026 

19.50 

15.38 

4.12 

3.91 

625.93 

0.592G3 

2.79652 

Temp.    40°;    Gel   Ap;    './t.    oi-'   sample,    1.0526   r^,.;    HoO   content,    1.20;;" 


V^  V^  X  Z/II  ?  log  Z/i:  log 


1.72  1.43  0.29  0.20  59.06  1.44013  1.77714 

5.02  4.65  1.17  1.11  194.60  0.04592  2.28932 

9.31  7.43  1.08  1.79  311.13  0.25109  2.49294 

13.54  11.02  2.52  2.39  461.54  0.37913  2.66402 

17.57  14.18  3.19  3.03  593.77  0.48152  2.77362 
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Run  I!o.    9 


Tenp.    40O;    Sel   A    ;    Vrt.    oi    aar.iple,    1.0526   3.;    H9O  content,    1.28^;! 


Y-  V^  X  Z/n  ?  log  Z/II  log  P 


2.97  2.32  C.65  0.62  97.29  1.79064  1.98807 

7.61  6.14  1.47  1.40  257.12  0.145C5  2.41013 

12.02  9.76  2.26  2.15  408.82  0.33184  2.61153 

15.99  13.14  2.85  2.71  549.99  0.43257  2.74035 

18.27  14.94  3.33  3.16  625.44  0.50017  2.79619 


Fia  H 


mm\M^^i^^^$mmMMm]\\\  \\\  Mvrmm\M^i^m^^ 
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DI3CU33I0II  OF  RE3ULT3 


The  resii-lts  given  in  Table  I  are  pictured  graphically 
in  Figs.  I  and  II,  which  show  the  applicability  of  Treimd- 


OL  -D 


m  Will  en 


lich's  isotherm.   This  eqiiation  is  .i/ll  = 
a/IvI  and  P  have  the  neanin-ra  f^iven  above,  <^     and  —  being  cons- 
tants.   The  values  of  .I/I.I  are  plotted  against  ?  in  Tig.  I,  and 
it  will  be  observed  how  these  cnjrves  differ  from  the  parabolic 
type  usually  obtained,  in  that  these  approximate  straight  lines 
except  in  t]ie  vicinity  of  tlie  origin.   Expressing  l.'re-undlich 's 
equation  logarithmically,  v/o  have; 

log  X/l:  =  log  a  +  n  -°5  ? 
Hence  if  log  x/ll  is  plotted  against  log  P,  straight  lines 
should  reS'Jlt,  as  is  shov/n  to  be  the  case  in  Fig.  II. 

It  will  bo  noted  in  these  curves  that  i  ,  which  e:q-)resses 
the  slope  of  the  curve,  is  practically  the  sane  for  all  four 
temperatures,  while  Z,    the  amount  tahen  up  v/hen  P  ::  1,  or  the 
intercept  on  the  YY'  axis,  increases  as  the  tem'oeratti.re  falls. 

In  order  to  apply  our  ideas  of  capillary  effects,  Table  II 
has  been  arranged,  preparatory  to  the  vlsq   of  the  equation 

V  r  E  (?  V?o^^ 

in  v/hich  the   S3n"abol3  have  the  meanings   given  on  page  4.      To 
find  V   ,    Lord  Fayleigh's   value   of  the   density  of   gaseous  CO^ 
(1.9652   g.    per  liter  at  0°and   76C  mm.)    and  i'imagat's  values 


for  that  01  liqiiid  COp  are  tal:en.   Then  P'OOIS^SS  X  divided 

n 

ti7  Arp.a.rjat's  valines  oi'  the  density  oi'  the  liquid  (Landolt-Bbrn- 
stoin's  Tables)  transforms  l/U   into  V.   ?  is  the  press-are 
measured,  P^  is  the  condensation  pressure  tahen  from  I^e,^nan2t'3 
values  in  Landolt-BOrnstein,  and  (^   is  read  from  a  curve  "based 
upon  data  of  Verschaff elt,  given  also  in  Landolt-BBrnstein. 
From  his  values  of  <r    at  -24.30,  3.90,  15.20  and  2C.90  a  curve 
is  dra\Tn  and  the  values  of  (r     at  C^  and  at  2C0  are  read  from 
this.   This  seer.is  preferable  to  making  use  of  such  a  relation- 
ship as  that  of  ?.amsey-j]f3tvos-ohields,  since  the  temperature 
is  so  near  the  critical  point.   Hven  th.is  graph  tecomes  value- 
less at  300,  and  so  no  attempt  was  made  to  draw  a  curve  at  that 
temperature,  and  of  course  not  at  4C0,  where  o~-   ,  ?  and  D  are 
nil  unicnovm. 
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TABLE   II 


^   ;       ?o     = 

26904 

PiTIil    IIO. 

11 

4.6                    I 

Temp.    0"^ 

mr;i.  ;      (T- 

= 

)   =      0.914 

xAi 

V 

log  V 

i°s  ?/p„ 

log  ?  <r/p 

0 

3.37 

C. 00725 

3.86051 

3.83052 

2.49328 

4.98 

0.  CIO 71 

2.02989 

2.02525 

2.68801 

6.54 

0.01406 

2.14788 

2.15812 

2.82088 

8.10 

0.01742 

2.24104 

2.27488 

2.93764 

9.94 

0.02137 

2.32977 

E. 37638 

1.03914 

?.un  llo. 

12 

Ter.ro.    0^ 

"0      - 

26904 

mrn.  ;      </- 

z 

4.6                  D 

-      C.914 

^/li 

V 

log  V 

log  ?/^ 

0 

log  ?  <r^^ 

~  0 

1.45 

0.00312 

3.49379 

3.41417 

2.07693 

2.79 

0.00599 

3.77737 

3.74593 

2.40869 

4.60 

0.00988 

3.99481 

3.98480 

2.64756 

5.75 

0.01451 

2.16167 

2.17614 

2.83890 

8.69 

0.01869 

2.27151 

2.31110 

2.97588 

9.50 

0.02063 

2.31453 

2.35895 

1.02171 
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Ternp.    20' 


Htm  IIo.    13 


D   z    .766 


:/!.: 


lo-^  V 


log   ?/p 


lo;?  ?  <^, 


/P, 


0.62 

0.00160 

5.20429 

3.13684 

3.17823 

1.57 

0.00404 

5.60588 

3.56120 

3.60259 

2.69 

0.00690 

3.82875 

3.82274 

3.85413 

5.88 

0.00996 

3.99845 

2.00910 

2.05049 

5.08 

0.01303 

2.11496 

2.14486 

2.18625 

Temp.    20 0; 


Him  IIo.    14 
44718  rx:-..  :       (T   r     1.10 


D  -    .766 


x/e 


lor.  V 


lof 


~/i 


lof?  P  <r 


/? 


0.92 

0.00237 

3.37422 

3.35056 

3.39195 

2.17 

0.00557 

3.74573 

5.73014 

3.  77153 

3.62 

0.00929 

3.96793 

3.97099 

2.01328 

4.76 

0. CI 222 

2.08703 

2.10344 

2.14483 

5.36 

0.01375 

2.13836 

2.16835 

2.20974 
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?.un  II 0.    10 


Temp.    30''; 


=      56118  mra.  ;       <r-     unlcnovm 


D  =      .598 


xAi 


lo,-  Y 


lo,-  P 


'/p       ^-°o  ^  V? 


0.57 

0.00187 

3.27258 

3.09176 

1.44 

0.00475 

3.67627 

3.56972 

2.31 

0.00759 

3.8G004 

3.80071 

3.27 

0.C1074 

2.03C99 

3.97116 

3.91 

0.01286 

2.10933 

2.04742 

R.gur 
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T)  (J~  I 

In  PiP-,-,  3  are  -niotted  tlie  Viilues  of  lor:  V  and.  Ion-  -   /p 
-         *  '  ~  o 

foimd  in  Table  II.   Here  we  note  a  feature  characteristic  of 
COg  and  at  marked  variance  with  the  condixct  of  oOo,  llHp;  and 
butane.   In  each  of  these  latter  cases,  it  was  foxmd  that, 
when  log  V  was  plotted  against  log  ^     /?^,  the  curves  for  all 
tenrieratures  became  identical,  v/hile  in  the  CQse:-of  GOp  this 
is  not  at  all  true;  the  curves  run  practically  parallel,  in- 
dicating that  l/n  for  both  temperatures  is  the  same,  but  II 
■&^fs-   0°  is  widely  different  from  Z  at  2C  .   In  fact,  evalua- 
tion of  these  constants,  eitiier  by  solving  sim.ultaneoiisly  the 
eouations  for  pairs  of  points,  or  by  direct  readinrs  from  a 
graph  plotted  on  tuiiform  scale,  gives  a  value  to  l/n  at  0°  of 
0.866  and  at  20°  of  0.898,  corresponding  to  a  variation  of  only 
about  one  degree  in  tiie  slope,  while  11  at  0°  is  0.1456  and  I- 
at  20°  is  0.5585. 

In  the  case  of  carbon  dioxide  it  is,  therefore,  evident 
that  t}:e  constant  II  is  not  independent  of  the  temperature  in 
the  neighborhood  of  the  critical  temperature,  but  increases 
v/ith  increasing  temperature.   This  beliavior  may  be  accounted 
for  provided  our  evaluation  of  tjio  corresponding  pressure 
(?  <J~/T3  )  is  erroneous.   It  is  evident  that  low  values  of  sur- 
face  tension  at  the  higher  temperat^ires  wouILd  prodxice  an  effect 
similar  to  that  found  in  the  case  of  carbon  dioxide  at  0°  and 
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2C°.   V/e  are  therefore  forced  to  postulate  that  the  surface 
tension  of  a  liquid  in  a  capillary  tulDO  is  subject  to  varia- 
tions v/hich  hitherto  have  not  "been  talcen  into  account.   In  all 
applications  of  car>illarity  t::e  sur:.-ace  tension  has  heen  re- 
garded as  hein,;':  constant,  varyin-T  only  v/ith  the  temperature^ 
hut  there  is  considerable  evidence  that  can  be  utilised  to  show 
tj:e  necessity  of  a  variation  in  surface  tension  produced  by 
factors  other  than  this.   Tor  example,  the  empirical  formula 
itself 

V  =  i:  (  P/Pp<^)  ^ 

which  contains   cr   raised  to  a  fractional  pov/er,  expresses 
tiie  physical  fact  that  the  surface  tension  operates  more  strong- 
ly in  the  initial  stag-es  of  adsorption,  when  accordinrr  to  qxxt 
theory  the  radii  of  the  active  portions  of  the  pores  are  small. 

furthermore,  it  is  reasonable  to  assume  that  the  surface 
tension  is  a  function  of  the  composition  of  the  vapor  phase. 
In  the  case  of  a  plane  liquid  surface  the  vapor  pressure  can 
only  be  varied  by  a  change  of  temiperatiire,  but  with  a  liquid 
in  a  capillary  tube  of  varying  diam.eter  it  is  possible  to  chancre 
over  a  wide  range  the   composition  of  the  xv.-^oi    in  equilibrium 
with  the  liquid.   Thus,  for  example,  it  is  unreasonable  to 
suppose  that  liquid  GO^  at  20°  imder  a  vapor  pressure  of  4472  cm. 
possesses  the  same  surface  tension  as  does  lioixid  COg  in  a  cap- 
illary tube  of  such  dimensions  that  the  equilibriuui  pressure  is 
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only  10  cm. 

In  the  case  oi"  sxilphur  dioxide,  ammonia  and  butane  it 
was  foimd  that  the  value  of  II  was  constant  over  the  tempera- 
ture range  studied,  hut  it  is  to  be  noted  that  in  no  case 
were  the  measurements  extended  hip;her  than  3C°  below  the 
critical  temperature,   rroin  these  facts  we  may  infer  that  the 
change  in  surface  tension  with  the  composition  of  the  vapor 
phase  becomes  a  most  important  factor  in  the  neigrhborhood  of 
the  critical  temperature.   This  is  in  a.-rreement  with  the  well- 
Icno'.'/n  instability  of  the  meniscus  near  this  -ooint,  in  ?/hich 
vicinity  it  becomes  im"oossible  to  measure  surface  tension  by 
the  customary  methods.   Very  slirrht  crianres  in  conditions  then^ 
produce  very  larn-o  chanr;es  in  its  value;  it  becomes  an  excessive- 
ly sensitive  quantity;  the  temperature  coefficients  of  both 
surface  tension  and  density  become  unusually  high  in  this 
neighborhood. 

A  rough  qualitative  idea  of  the  change  in  surface  tension 
in  the  capillaries  can  be  obtained  by  extrapolation  to  50° 
from  the  values  of  Z,    and  l/n  at  0°and  20°.   At  0°  Z  i  0.1456, 
and  at  20°  K  =  0.5585.   If  we  assume  tlie  sam.e  rate  of  change 
between  20°  and  30°  as  between  0°  and  20°   (probably  the  rate 
increases,  but  this  is  uncertain  groujid),  then  at  30°  K 
v/ould  be  0.765.   Jimilarly  l/n  would  be  0.914  at  30°.   3ub- 
stituting  these  values  in  the  equation   V  -  Z(  ?  '^/P-,)    vie 
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can  solve  for  G~   in  the  pores  oi  the  gel.    This  comes  out 
to  be  1.02.   If  we  assume  that  the  value  of  Z  does  not  change 
"between  20°  and  30°  and  make  the  same  substitutions,  we  ob- 
tain a  value  of  1.52  dynes  for  cr  .   As  mentioned  above, 
however,  it  is  likely  that  Z  does  continue  to  change  between 
20°  and  30°,  and  so  t}ie  above  can  be  considered  only  as  a 
rough  approximation,  which  is  given  only  to  indicate  that  there 
is  an  increase  in  (T  .      At  30°,  only  1°  below  the  critical  tem- 
perature, the  surface  tension  of  liquid  COj?  showing  a  plane 
surface  would  be  infinitessimally  small.   ',7e  may  then  infer 
from  this  rough  calculation  that  tiie  surface  tension  in  the 
pores  of  the  gel  actually  is  raised,  and  that  at  50°  its  value 
lies  somewhat  above  unity. 

A  sounder  method  theoretically  of  arriving  at  the  same 
conclusion  will  now  be  given,  which,  altho  more  tedious,  is 
also  more  trustworthy.   The  following  relationship  has  been 
established  for  th?  lowering  of  the  vapor  pressure  in  a  capil- 
lary tube: 

°       r  Dt  HT 


sity  of  the  liqixid,  r  tlie  radius  of  the  capillary,  H  the  gas 
constant,  a~     the  surface  tension  at  the  tem.perature  T,   ?q 
the  ordinary  vapor  pressure  of  the  liquid  and  ?  the  pressure 
actually  existing  in  the  capillary.   Using  th.is  formula  it  is 
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possible  to  obtain  values  oi  r  at  tlie  measiired  pressures,  ?, 
Ox  a  gas  at  temperatures  sufficiently  far  belov;  the  critical 
temperature  for  the  effect  of  capillarity  upon  surface  tension 
to  be  negligible.   Having  done  this,  the  values  of  V  corres- 
ponding to  the  pressures  ?  can  be  plotted  in  the  form  of  a 
curve.   L'his  has  been  done  in  Pig.  4,  using  the  0°  runs  with 
COg.  Tsie   temperature  of  these  rujis  is  not  as  low  as  could 
be  desired,  as  even  at  0°  it  is  possible  that  tlie  vali^^o  of  er- 
as taken  from  measizrenents  made  by  the  ordinary  methods  may  be 
lower  than  the  valiie  actually  existing  in  t;:e  capillaries;  but 
an  increase  in  cr  at  0°  v/ould  increase  the  effect  which  is  to 
be  mentioned  later,  and  would  thus  strengtlien  rather  than  weak- 
en the  reasoning  upon  which  we  base  our  conclTisions.   V/e  there- 
fore make  the  assujnption  (which  vve  consider  a  conservative  one) 
that  the  surface  tension  at  0°  rem.ains  unchanged  or  but  inap- 
preciably changed  in  the  capillaries,  and  calculate  r  for  the 
pressures  measured  in  these  rrais.   Then  v/e  plot  these  values 
of  r,  expressed  in  ^u    ,  against  the  values  of  V  correspond- 
ing to  these  same  pressures.   This  gives  a  smooth  curve  re- 
lating tj:e  radius  of  the  pore  to  the  volume  of  liquid  held  up 
to  that  point.   A  consideration  of  the  probable  conical  shape 
of  the  pores  will  ;:^.ake  clear  how  there  can  be  this  variation 
in  r  as  V  changes. 

Our  next  step  is  to  take  the  vaiiues  of  V  found  at  30°,  read 
from  ths   curve  of  Ti;-^.  4  the  values  of  r  correspond  in;?  to  these 


volTunes,  and  su'bstitute  those  values  in  the  same  equation 
given  ahove,  except  that  in  this  case  (T    is  the  unlcnovm  and 
we  solve  for  it.   ..lien  this  is  done  v/e  obtain  the  noteworthy 
value  of  3.45  dynes  fpr  <r  at  30°.   ■jlien  the  same  procedure 
is  carried  out  for  the  rims  at  20°,  the  values  of   o~  obtained 
are  all  sli^litly  above  4  dynes,  the  mean  being;  4.08.   This  is 
as  exiiected;  capillary  forces  raise  T'    in  each  case  above  the 
normal  value  (at  30°  (r  cannot  be  said  to  have  a  "normal''  value, 
tJie  meniscus  at  this  temperature  being  too  unstable  to  permit 
measurements  beinp-  made)  .   It  v/ill  be  noted  that  this  conclu- 
sion is  in  harmony  with  that  arrived  at  on  page  25,  namely  that 
a  meniscus  and  surface  tension  phenomena  actually  exist  at  these 
(relatively)  high  temperatures,  that  capillary  forces  are  ef- 
fective in  raising  surface  tension,  and  that  this  rise  is  more 
noticeable  in  the  case  of  lioxiids  near  their  critical  tempera- 
ture, in  which  condition  the  surface  tension  is  far  more  sensi- 
tive to  changes  in  conditions,   -he  conclusion  dravm  on  pa.-^e  25 
v/as  based  upon  rough  approximations  of  the  v.-..lue  of  Z,  and  it 
is  not  s'arprising  that  the  value  of  cr  at  30°  based  on  such- 
data  should  not  agree  with  that  found  by  the  more  careful  con- 
sideration of  the  radii  of  the  pores,  but  the  important  fea- 
t-jjre  is  the  fact  that  both  lines  of  reasoning  lead  to  the  same 
conclusion  qualitatively.   _:iven  in  this  latter  case,  as  noted 
before,  trie  assumption  that  the  surface  tension  at  0°  is  un- 
changed or  negligeablj?  changed  by  capillary  forces  nay  be 
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iiltra-conservative;  'btit  il"  surface  tension  at  0°  is  actually 
increased,  we  should  o"btain  yet  higher  values  for  it  at  20° 
and  30°,  shov/in^r  that  the  capillary  effect  is  even  5:reater 
than  indicated  by  the  figures  given  ahove. 

If  we  substitute  this  corrected  vaiue  of  4.08  for  o-    at 
20°  in  the  formula  Y  =  i:(?  ^^/Pq)  '^    ,  and  plot  log  V  against 
log  ?  ^ 1^ ^   as  was  done  in  Tig.  3,  we  find  that  the  lines  for 
0°  and  20°,  instead  of  being  widely  separated  as  in  i'ir-.  3 
now  practically  coincide  as  shovm  in  fig.  5,  Z  becoming  the 
sane  for  both  temperatures  as  demanded  by  theory.   This  means 
that  with  GOg,  as  with  30p,  I-IHr^  and  butane,  the  sane  volume 
is  taiien  ui^  at  corresponding  pressiires,  b^it  that,  in  the  case 
of  COo  near  the  critical  temperature,  this  fact  is  mashed  in 
the  calculations  by  the  increase  in  si'.rface  tension  above 
normal.   If  the  corrected  values  of  <r  at  30°  are  substituted 
in  the  formiila  and  the  results  plotted  logarithmically  as  in 
?ig.  5,  the  curve  obtained  does  not  coincide  with  that  for  0° 
and  20°  as  would  be  desired,  but  falls  a  little  above.   The 
difference  is  quite  appreciable,  but  it  must  be  noted  tliat  the 
sample  of  gel  used  for  the  30°  work  was  different  from  that 
used  in  t^ie  0°  and  20°  rims,  and  this  fact  alone  would  account 
for  a  difference  in  II.   There  is  also  the  imcertainty  as  to 
the  true  density  in  the  pores  at  this  temperature,  due  to  the 
dilation  effect  mentioned  on  page  7,  and  tiie  conservative  as- 
sura-ntion  that  at  0°  the  .^as  is  far  enough  below  its  critical 
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teiTip era t lire  to  pei-^alt  tailing  the  C^  curve  as  a  reference.   jg 
can  then  say  that  the  proposed  capillary  eix'oct  on  sxirface 
tension  near  the  critical  tenperatiire  explains  quantitatively 
the  variation  ol'  the  20°  rims  fron  those  at  0°  and  brin-gs  the 
3C°  riui  very  nearly  into  accord. 

iince,  then,  capillarity  lowers  the  vapor  pressure  in  a 
capillary  and  increases  surface  tension,  and  since  there  is 
no  perceptible  hreah  in  the  adsorption  phenoiaena  betv/een  30° 
and  40®,  v;e  thinli  that  there  is  Justification  for  extending 
the  capillary  condensation  theory  of  adsorption  to  tenpera- 
tures  above  the  ordinary  critical  teir.perature,  and  propose  the 
idea  that  in  the  pores  of  the  gel  the  critical  temperature  is 
raised,  that  condensation  and  surface  tension  exist  even  at 
40°  in  the  case  of  COg.   Since  'Jsre  loiO'.v  neither  the  density  nor 
vapor  pressure  that  the  condensed  phase  wov-Id  have  at  this 
temperature,  no  attempt  has  been  made  to  calculate  t-ie  surface 
tension  nor  to  subject  the  rei^iilts  of  t":.e  40°  runs  to  the  same 
mathematical  treatment  as  t'ne  otliers.   V/e  do  lcno'.7,  however, 
that  the  vapor  pressure  is  lowered,  so  it  cannot  bo  objected 
that  v/e  are  postulating  the  existange  of  a  liquid  of  less  den- 
sity than  its  saturated  vapor. 
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3in.iLiARy 

1.  Acctirate  rneasurenients  have  "been  made  of  the  adsorp- 
tion of  carcon  dioxide  bj^  silica  gel  at  0°,  20°,  3C°  and  4C° 
at  pressures  oelov;  one  atmosphere. 

2.  V(Tien  the  equation  Y  -  IC(?  ^/?q)    v/as  applied  to 
the  exiierirnental  resiilts,  it  v/as  fond  that  Z   at  0°  was  not 
equal  to  Z  at  2C°,  as  had  "been  true  of  IZ   at  different  tem- 
peratures in  the  case  of  other  gases  to  which  the  capillary 
t:ieory  of  adsorption  had  "been  applied.   The  explanation  is 
offered  that  this  is  due  to  an  increase  in  surface  tension  at 
temperatures  near  the  critical  temperature,  hrourht  ahout  hy 
capillary  forces.   This  conclusion  has  "been  verified  by  ap- 
plying the  formula 


to  the  results  at  low  temperatures,  calculating  the  values  of 
r  corresponding  to  different  internal  volixnies,  then  using  the 
internal  volume  values  obtained  at  the  higher  tenperatiires  to 
calciilate  surface  tension  at  these  higher  temperatures.   The 
results  indicate  an  increase  in  surface  tension.   The  correct- 
ed surface  tensions  result  in  making  IZ   at  0°  equal  to  Z   at  20°, 
and  a  not  greatly  differing  value  for  Z  at  30°. 

5.  The  capillary  condensation  theory  has  been  extended 
to  tem.peratures  above  the  critical  temperature,  it  being  pro- 
posed that  the  latter  is  raised  in  the  pores  of  the  adsorbent. 
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